Metanephric adenoma is a rare benign neoplasm of the kidney, predominantly occurring in women and histologically similar to developing metanephric tubular epithelium (1) (2) (3) . The histogenesis of metanephric adenoma and its relationship to intralobar nephrogenic rests, nephroblastoma, and papillary renal cell neoplasia is still a matter of controversy (2) (3) (4) . However, current classifications recognize it as a distinct renal neoplasm (5, 6) . The overlap in morphologic features between metanephric adenoma and papillary renal cell neoplasia has frequently been noted (2) (3) (4) 7) . Immunohistochemistry and lectin histochemistry have given varied results in different laboratories and consequently have shed little light on its relationship to papillary renal cell neoplasms (8) .
Cytogenetic studies of metanephric adenoma have been limited and have yielded conflicting results. In a study of 11 tumors, Brown et al. (9) found cytogenetic abnormalities similar to those typical of papillary renal cell carcinomas in 8 tumors. However, several reports of one or two tumors have found no gains of chromosomes 7 and 17, and no loss of Y (2, 10 -15) . The present study was undertaken to determine the numbers of chromosomes 7, 17 and Y in seven metanephric adenomas, using fluorescence in situ hybridization with centromeric probes in paraffin-embedded tissues and to determine the similarities or differences with the pattern of gains and losses for these chromosomes, which is typical of papillary renal cell neoplasia (16 -18) .
MATERIALS AND METHODS

Tissue Samples
Seven metanephric adenomas were collected from personal consultation materials from one of the authors (JNE). The patients were four women (ages 29, 41, 43, and 49 y) and three men (ages 2, 27, and 53 y). With the exception of a 5-mm metanephric adenoma that was found incidentally in a kidney removed for angiomyolipoma, the metanephric adenomas ranged from 30 to 55 mm in greatest diameter. Twenty-seven histogically normal kidney samples were controls for chromosome 7, 61 histologically normal kidney samples for chromosome 17, and 18 samples from males for chromosome Y.
Fluorescence In Situ Hybridization
From each tumor, sections 5 m thick were cut from paraffin-embedded blocks. The paraffin was removed from the sections with two 10-minute washes in xylene. After hydrating in 100%, 85%, and 70% ethanol solutions (10 min), rinsing in distilled water (10 min), and twice in phosphate buffer solution (pH 7, 10 min each), the slides were fixed in methanol-acetic acid 3:1 for 10 minutes and air dried. The sections were treated in a 2ϫ standard saline citrate (SSC) solution for 15 minutes at 37°C and then dehydrated in consecutive 70%, 85%, and 100% ethanol solutions for one minute each and then dried. The sections were bathed in 0.1 mM citric acid (pH 6) solution at 85°C for 1 hour. Then they were again dehydrated in a series of ethanol solutions and dried. The tissue was digested by applying 0.75 mL of pepsin (Sigma, St. Louis, MO) solution (4 mg/mL in 0.9% NaCl, pH 1.5) to each slide and incubating them in a humidified box for 30 minutes at 37°C. Next, the slides were rinsed with distilled water for few seconds, dehydrated again in graded ethanol solutions and dried. Centromeric probes for chromosomes 7, 17, and Y (Vysis, Downers Grove, IL) were used. Each probe was diluted 1: 100 in tDenHyb1 buffer (Insitus, Albuquerque, NM). Ten L of diluted probe was applied to each slide, and coverslips were placed over the slides. Denaturation was achieved by incubating the slides at 80°C for 10 minutes in a humidified box; then hybridization was done at 37°C for 3 hours. The coverslips were then removed and the slides were immersed at room temperature in 0.5ϫ SSC for 2 minutes, in 50% formamide-1ϫ SSC for 5 minutes, and in 2ϫ SSC for 2 minutes. The slides were air dried and counterstained with 10 L of DAPI-Antifade (DAPI in Fluorguard, 0.5 g/mL; Insitus).
The slides were examined with an Olympus IX-50 microscope (Olympus, Tokyo, Japan) with these filters: blue filter cube (Arcturus, Mountain View, CA) for SpectrumGreen (centromeric probes for chromosomes 7, 17, and Y) Vysis probes, and the UV Filter (Chroma, Brattleboro, VT) for the DAPI nuclear counterstain. The signals were recorded with a CCD camera.
In Situ Hybridization Analysis
The criteria for evaluating the fluorescence in situ hybridization signals were adapted from Hopman et al. (19, 20) One hundred to 200 nuclei were scored for alpha-satellite signals observed with the fluorescence microscope at 400ϫ magnification. As much as possible, signals from solitary nuclei were counted, but groups of two or three adjacent but not overlapping nuclei were occasionally included in the counts. Nuclei were counted when the entire nuclear circumference had a round-to-oval contour and showed no evidence of fragmentation. Two signals of the same size in close proximity, not connected by a link, were counted as two signals. A diffuse signal was regarded as a signal if it was contiguous and within an acceptable boundary. Two small signals connected by a visible link were counted as one signal. Overlapping nuclei and nuclei with uncertain signals were not counted. There was no significant variation in hybridization efficiency when different areas of the slides were examined.
RESULTS
The tumors all had the typical histologic features of metanephric adenoma (Fig. 1) . In normal epithelial cells in the renal tubules, nuclei with three or four signals were occasionally seen but in no sample exceeded 12% of the total. For chromosomes 7 and 17, 78% to 88% of the nuclei in each control sample showed two signals (median, 84%). Nuclei with only one signal for chromosome 7 or 17 invariably comprised Ͻ20% of the total nuclei counted. For the Y chromosome, 82 to 91% of the nuclei in each control sample showed a single signal.
In the seven metanephric adenomas, the results for chromosomes 7 and 17 (Table 1) were tightly clustered, and a high percentage (range, 75 to 85%; median, 79%) of nuclei showed two signals (Fig. 2) . One metanephric adenoma had 19% of nuclei with three or more signals for chromosome 7. The Y chromosome was present in all three of the tumors from males (range, 86 to 89% of nuclei).
DISCUSSION
Brown et al. (9) studied 11 tumors by fluorescent in situ hybridization and reported gains of chromosomes 7 and 17 and loss of the Y chromosome in 8 tumors. The percentage of nuclei with three signals that they used as the threshold for recognizing trisomy was 7%, which some of the normal renal control tissues in the present study reached; they did not report counts on normal controls. Brown et al. (9) separately reported another case with a similar genetic pattern that was studied by classic cytogenetics (21) . These findings are the chromosomal changes that have been reported most frequently in papillary renal cell neoplasia. Other reports of metanephric adenomas have included cytogenetic data from a small number of tumors and have generally shown normal karyotypes (2, 10, 11, (13) (14) (15) 22) . In 1997, Renshaw et al. (22) described one tumor with a disomic pattern for chromosomes 7 and 17 and 3p and later reported a case of a child with a metastatic metanephric adenoma in which the karyotype was diploid, and a disomic pattern for chromosomes 7 and 17 was displayed by fluorescent in situ hybridization (14) . Granter et al. These conflicting observations may be the result of methodologic differences; in particular, selecting a low threshold for recognizing chromosomal gains and not comparing the results with data from normal tissues studied at the same time could lead to overestimation of the frequency of chromosomal gains. Also, it is possible that Brown et al. (9) included some tumors that we would have consid- ered papillary adenomas or papillary renal cell carcinomas. That article did not include any photomicrographs of any of the tumors with gains of chromosomes, so this remains speculation. In our study, we included only tumors that four of the authors (MB, JNE, GM, and LC) independently examined and agreed were typical metanephric adenomas, according to published criteria (8) .
In this study, we observed in a series of seven tumors that metanephric adenoma lacks the frequent gains of chromosomes 7 and 17 and frequent losses of the Y chromosome that are typical of papillary renal cell neoplasms (23) . The numbers of these chromosomes in the metanephric adenomas were similar to those that we observed in histologically normal epithelium of renal tubules. These findings suggest that metanephric adenoma is not related to papillary renal cell carcinoma and papillary adenoma. Analysis of chromosomes 7, 17, and Y by fluorescence in situ hybridization with centromeric probes could be useful in diagnostically differentiating metanephric adenoma with extensive papillary architecture and papillary renal cell carcinoma type 1.
